To adapt to their environment, animals subconsciously calculate how motor commands can be efficiently translated into the actual movements. Kawashima et al. discovered that serotonergic neurons in the dorsal raphe nucleus regulate the transient memory of such efficacy; thus, successive behaviors do not require repeated cumbersome readjustment of efficacy.
Suppose that you are suddenly teleported to another world where all environmental settings are the same as on Earth except that the gravity is one tenth of our world. You will then realize that you need to retune the step size of your gait so that you can walk together with your new neighbors, possibly by attenuating the stroke power of the leg muscles. For this, you will need to reduce the efficacy of the motor command from your brain. Ideally, this reset command efficacy should be retained in your brain so that you do not have to readjust your gait every time you make a step. Misha Ahrens and colleagues have now uncovered the brain circuit that is responsible for the retention of this efficacy.
To address this problem, the authors investigated brain activity in larval zebrafish performing fictive swimming in a virtual reality system. In such a system (Portugues and Engert, 2011) , a head-restrained larva is presented with the image of black-and-white alternating stripes moving in the tail-tohead direction. Under these conditions, the larva intermittently shows swim bouts as if it is trying to make up for the backward displacement in the virtual water flow caused by the visual illusion. Every stroke of the swim bout is monitored in real time and is used for calculating the forward swimming distance in the virtual space ( Figure 1A ).
In such a setup, the motor output of the animal can be used to manipulate the virtual environment, and increasing or decreasing the ''gains'' by changing the visual feedback was previously shown to result in ''adaptive changes in behavior'' that lead to a generalized decrease or increase of motor output within a couple of hundred milliseconds, following an exposure to a new gain condition ( Figures 1B and 1C ) (Portugues and Engert, 2011) . In addition, modifications in some behavioral parameters accumulate over tens of seconds of ''the training period'' and effects are maintained as ''memory'' as long as for 30 s during ( Figure 1B and 1C) . When whole-brain neural activity elicited in this system was imaged using a two-photon laser microscopy, the authors were able to identify some neuronal populations that responded to changes in gain with increased or decreased activity (Ahrens et al., 2012) . However, the circuitry mediating the ability of the animals to retain the memory of gain and re-use it for future movements is not known.
In the current issue of Cell, Kawashima et al. (2016) report a further advance in our understanding on the control of this adaptive behavior. By imaging neurons throughout the whole brain using the light sheet microscope ( Figure 1A ), the authors found that the tonic activity of the serotonergic neurons in the dorsal raphe nucleus (DRN) acts as the physiological substrate for the memory of the motor output efficacy ( Figure 1D) . Notably, the serotonergic system has so far not been traditionally associated with motor learning.
During prolonged exposure to a given gain value in the training period after the low-to-high gain shift-up, these neurons show gradual ramping up in their tonic activity. Until the next test period starts, the activity level slowly decays but is still maintained at higher levels than the basal level during the delay period in which no swimming movement is elicited. The higher the level of this tonic activity is maintained at the beginning of the next test period when the gain was shifted up again to the intermediate level, the longer time it takes for the larvae to retune the motor output to the new appropriate level, suggesting the inverse correlation between the tonic activity levels of these neurons and the resilience in the adaptation to the new environment as a representation of the memory of the previous efficacy. Specific ablation of these neurons either pharmacologically or by using genetic manipulation impaired this learning, and the optogenetic hyperactivation either in the training or the delay period attenuated the ongoing motor drives while these manipulations did not impair adaptation itself.
What does the tonic activity of the serotonergic DRN neurons actually encode? It may directly control the efficacy of motor commands as Kawashima et al. (2016) have concluded. Another possibility is that these neurons are involved in a more indirect manner in the control of movement. The larvae behave based on the expectation predicted by the internal model in the brain (Pezzulo et al., 2015) . During visuomotor behavior, the tectal neurons in larval zebrafish show the repetitive activation for as long as 20 s after the visual stimulus disappears, at the interval similar to when they were responding to the visual stimulus, supporting the presence of the top-down signaling conveying the expectation value in the zebrafish brain (Sumbre et al., 2008) . A sudden increase in the motor output gain could be interpreted by the larva as the sudden shrinkage of the outer world. And the increase in the tonic activity of the DRN neurons may contribute to the adaptive scaledown of the internal model based on which suitable motor outputs would be re-calculated so that the larvae can behave properly under a new environment. The phasic responses of the DRN neurons were observed in conjunction with the swim-induced visual motion (Kawashima et al., 2016) , and they may signal the prediction error used for the correction of the internal model. This hypothesis might fit well with the segregation of the brain areas for the gain adaptation itself and for the memory of the adapted gain value as reported by Kawashima et al. (2016) .
At present, it is not possible to give a unified explanation of the putatively pleiotropic functions of the DRN serotonergic neurons (Dayan and Huys, 2015) . But, the discovery by Kawashima et al. (2016) certainly provides an important clue for the future elucidation of the neuro-computational role of serotonin in the adaptive control of behaviors. 
